Background. In a hitherto unconfirmed report, orosomucoid was reported to ameliorate the nephrotic syndrome induced by puromycin aminonucleoside (PAN) in rats. Methods. We wanted to test this hypothesis and extend the analysis of the effects on the glomerular barrier. Glomerular filtration rate (GFR), and fractional clearance for albumin (y albumin ) and for neutral Ficolls were estimated in cooled isolated perfused kidneys. Modern transport equations were used to estimate glomerular size selectivity and charge selectivity. Also, podocyte morphology was studied. Four groups of rats (4Â n ¼ 8) were administered PAN intraperitoneally and treated daily for 5 days with orosomucoid in two different doses (groups A and B), albumin (group C) or saline (group D). Two additional groups of rats (2 Â n ¼ 8) were used as controls and these rats received either saline (group E) or orosomucoid (group F) but no PAN.
Introduction
Various experimental disease models are extensively used for clarifying the intricate aspects of the structural and functional alterations encountered in proteinuric states. One commonly used model is the puromycin aminonucleoside (PAN)-induced nephrotic syndrome [1] . After a single intraperitoneal (i.p.) administration, PAN induces a disease similar to minimal-change nephrosis, characterized by heavy proteinuria, hypoalbuminaemia and dyslipidaemia. The exact mechanism underlying the PAN toxicity is still unclear. Many explanations have been proposed: damage to the glomerular epithelial cell structure [2] , alteration of the main constituents of the glomerular basement membrane by means of cytokines and interleukin-1 [3] , oxidative stress, and changes of the glomerular charge density [1] and size selectivity [4] . Several groups have studied the alterations of the glomerular barrier in PAN nephrosis. In a previous study, we found evidence for damage on both size selectivity and charge selectivity by PAN [5] . In that study, we evaluated glomerular permeability both in vivo and in cooled isolated perfused kidneys (cIPKs) where the low temperature was used to abolish tubular modification of the primary urine and protease activity. Moreover, glomerular size selectivity was similar in vivo and in the cIPK, which supports the validity of the cIPK model. One limitation is, however, that the charge selectivity cannot be quantitated in vivo, due to the potent tubular reabsorption and secretion processes. A gel membrane model was used to analyse the effects of PAN and it revealed, among other things, a dramatic increase in the number of large pores and a reduced charge density. Although most authors describe profound alterations in the glomerular barrier, there are reports suggesting that PAN acts solely by reducing tubular reuptake of proteins [6] . Thus, there is a research group that suggests nephrotic syndromes are due to tubular dysfunctions [7] rather than to alterations of the glomerular capillary wall, as assumed by most investigators. Albeit an attractive hypothesis, it must be remembered that there is no evidence for tubular reuptake of intact albumin [8] . On the contrary, recent developments in the tubular cell research area have revealed an obligatory incorporation of the albumin-binding megalin-cubilin complex into lysozomes with subsequent degradation [8] .
Orosomucoid was first described >100 years ago, and since then it has been studied extensively. The glycoprotein has a molecular weight of 44 kDa, an isoelectric point of 2.8-3.8 and a pronounced microheterogeneity. While the structural and biochemical characteristics have been well described, the biological functions of orosomucoid are not yet fully understood. However, Haraldsson and Rippe showed that orosomucoid is essential for the maintenance of normal capillary permeability in skeletal muscle [9] . This was later confirmed for capillaries in the mesentery [10] and for glomerular capillaries [11] . Indeed, the glomerular barrier is highly dynamic, and serum components may alter its permselective properties [11] .
A few years ago, it was suggested that orosomucoid may have therapeutic effects in certain nephrotic syndromes. Thus, intravenous injections of orosomucoid to rats with PAN nephrosis reduced the degree of proteinuria and improved podocyte morphology [12] . That study is the only report of an antiproteinuric effect of orosomucoid and it mainly focused on the morphological alterations. Therefore, we wanted to test the hypothesis presented by Muchitsch et al. and to extend the analysis by focusing on the quantitative effects of orosomucoid on the size selectivity and charge selectivity of the glomerular barrier.
Materials and methods

Experimental animals
All experiments were carried out on female Sprague-Dawley rats (strain Møllegaards Ltd, Stensved, Denmark) weighing 200-320 g. The animals had free access to food (standardized pellets) and tap water. The local ethics committee approved the experiments.
Kidney preparation
The rats were anaesthetized with 50 mg/kg of pentobarbitone Õ i.p. and then placed on a thermostatically controlled heating pad, preserving body temperature at 37 C. The trachea was isolated and a tracheostomy performed with a PE-240 catheter in order to assist respiration during anaesthesia. A tidal volume of 3 ml was provided by a respirator (UGO Basile type 7025, Biological Research Apparatus, Italy) at a frequency of 40/min. Arterial blood gas analyses were performed to ensure adequate ventilation. The tail artery was cannulated by a PE-50 catheter, connected to a pressure transducer (PVB Medizintechnik GmbH, Kirchenseeon, Germany) for recording arterial pressure (P A ). Laparotomy was performed and the kidneys isolated. The cannulation of the ureter (polyethylene catheter PE-25) was facilitated by prior injection of 2 mg/kg of furosemide Õ (Benzon Pharma A/S, Copenhagen, Denmark) and saline (0.3 ml), via the tail artery. The abdominal aorta was freed from surrounding tissues and prepared for cannulation.
The rats received heparin (2000 IU/kg, Lo¨vens La¨kemedel, Malmo¨, Sweden) via the tail artery, were carefully moved from the heating-pad to a Plexiglas working table, and were then prepared for the cIPK experiments. Two blood samples of 500-750 ml were collected from the tail artery, followed by administration of an equivalent amount of saline. The abdominal aorta was cannulated distal to the renal arteries in a retrograde direction using polyethylene tubing (PE-90). Just before the onset of the perfusion sequence, the right renal pedicle was isolated and ligated, and the kidney was removed and fixed in situ by subcapsular injection of Karnovsky fixative. The artificial perfusion of the left isolated kidney was started without interrupting blood flow, and a ligature was placed between the renal arteries. A peristaltic pump (Labinett type MS4, Ismatec SA, Laboratoriumstechnik, Switzerland) was used for pumping the perfusate through an isothermal chamber placed close to the kidney, maintaining the temperature of the perfusate at 8 C. Following a 15 min period of equilibration, four urine samples (200-450 ml) were taken from each animal. For each experiment, arterial pressure, perfusion pressure and urine flow were monitored using Labview Õ computer software. 
Perfusate and tracers
Experimental protocol
Four groups of rats, A, B, C and D (4Â n ¼ 8), were administered a single i.p. injection of PAN (150 mg/kg body weight, Sigma-Aldrich, Steinheim, Germany) dissolved in 1 ml of saline. Two control groups of rats, E (n ¼ 8) and F (n ¼ 8), were given a single injection of saline (1 ml). Experiments were performed 6 days after the administration of PAN/saline as described under 'Kidney preparation'. Under the 6 day period, the rats in all six groups were given the following daily i.p. injections: group A, human orosomucoid (kindly provided by Dr H. P. Schwartz, Baxter Inc., Austria) 20 mg in 1 ml/100 g body weight; group B, human orosomucoid 60 mg in 1 ml/100 g body weight; group C, Albumin Immuno (Baxter Medical AB) 20 mg in 1 ml/100 g body weight (the orosomucoid contamination of the HSA was 0.1 mg/ml); group D, saline 1 ml/100 g body weight; group E, saline 1 ml/100 g body weight; and group F, human orosomucoid 20 mg in 1 ml/100 g body weight.
Thus, each rat got the same amount of fluid (orosomucoid solution, albumin solution or saline) in all six groups of rats, and groups A, C and F received equal amounts of protein.
Data analysis
To determine the sieving coefficients (y) for albumin and the glomerular filtration rate (GFR), the plasma and urine concentrations of Cr]EDTA radiation to the iodine channels were corrected for. Additionally, the albumin concentrations of all urine samples were determined by radioimmunoassay (Amersham Biosciences Inc., USA).
All perfusate and urine samples were subjected to both gel filtration (BioSep TM -SEC-S3000, Phenomenex, Torrance, CA) and detection of fluorescence (RF 1002 Fluorescence HPLC Monitor, Gynkotek, Germering, Germany) using Chromeleon TM (Gynkotek, Germering, Germany) software for determining the sieving coefficients of FITC-Ficoll. A 0.05 M phosphate buffer with 0.15 M NaCl at pH 7.0 was used as eluent. The emission and excitation wavelengths were 520 and 492 nm, respectively, and 5-10 ml from each sample were analysed. The sampling frequency (1/s); the flow-rate (1 ml/min); the temperature (8 C); and the pressure (4 MPa) were all maintained constant during the analysis. For most molecular sizes, the errors in the C U /C P ratios for Ficoll were estimated to be <1%.
Calculations
Glomerular filtration rate. The GFR was determined using the formula
where C U and C P represent the urine and plasma concentrations of [ 51 Cr]EDTA, and Q u is the urinary flow.
Fractional clearances of albumin and Ficoll. The fractional clearance y of a solute X was calculated as:
where C P represents the average concentration of three samples collected from the perfusate, and C U is the concentration of the tracer in each 'primary urine' sample collected during the perfusion period.
The charged fibre model with discontinuities of low fibre density. One way of estimating the size-and the charge-selective properties of the glomerular barrier is to use a charged fibre model with small discontinuities (large pores) with considerably fewer fibres [13] . This model emerged from the classic partitioning theory of Ogston [14] . It was developed by Johnson and Deen [15] and extended by us for the case of heterogeneous fibre density and for clearance across capillary barriers [13] .
The parameters of the model are: the fibre radius (r f ), the relative concentration of fibres in the gel (f), the surface charge densities of the solute (q s ) and the fibre (q f ), the unrestricted exchange area over diffusion distance (A 0 /Áx), the large pore fraction of the hydraulic conductance (f L ) and the dilution factor for the fibre density in the large pore (XQ L ). A non-linear regression analysis was employed. Some of the parameters mentioned above were constant, namely r f and q s for albumin and Ficoll, while others (f, q f , A 0 /Áx, f L and XQ L ) were varied in order to obtain a good fit between the experimental and the modelled data. The gel/plasma concentration ratio at equilibrium in a fibre matrix is described by the partition coefficient (F):
where g(h) is the probability of finding the closest fibre at a distance, h, from a spherical solute in a dilute solution:
where f is the volume fraction of fibres, r s the solute radius and r f the fibre radius. By integrating Equation 4, Ogston [14] reached the following expression for F:
Johnson and Deen [15] introduced a Boltzmann factor to describe the relative probability at different energy states in charged gels. Multiplying g(h) by this factor gives:
where E(h) is the electrostatic free energy of the interactions between the solute and the nearest fibre divided by kT (k is Boltzmann's constant and T is the absolute temperature). E is dependent on one position variable, h, only. Please note that the model assumes interactions between the solute and the nearest fibre, while interactions with multiple fibres (and other solutes) are expected in vivo.
To calculate the reflection coefficient of a solute from the partition coefficient, the following equation was used [16, 17] :
where, is the reflection coefficient and F is the partitioning coefficient for a solute in a gel.
The fractional clearance of a solute was calculated by use of a non-linear flux equation [18] :
where PS is the diffusion capacity for the solute estimated as:
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To describe the transport accurately, the fibre network was considered heterogeneous, with small areas of low fibre concentration, i.e. large pores. The fractional clearance of a solute will then be the sum of the y through the main gel and the y through the large pores; for details, see Jeansson and Haraldsson [13] .
Electron microscopy
After fixation in situ by subcapsular injection of Karnovsky fixative, 1 mm cubes of renal cortex were excised and further fixed in 2.5% glutaraldehyde in pH 5.7 acetate buffer containing 0.3 M MgCl 2 and 0.05% cupromeronic blue (Seikagaku Chemical Company). After en bloc staining with phosphotungstate, the specimens were dehydrated and embedded in plastic resin. Sections 50-60 nm thick were obtained with an ultramicrotome (Reichert-Jung, Austria) fitted with a diamond knife. A Zeiss 902 electron microscope was used to examine the sections. We compared podocyte morphology and quantified the alterations induced by PAN in the albumin-treated group (C) and the orosomucoidtreated group (A).
SDS-PAGE and western blot
The presence of orosomucoid in the rat plasma was checked by SDS-PAGE followed by immunoblotting. Samples from five animals in each group (except groups B and F) were diluted 1 : 100 in water; 10 ml of each diluted sample was supplemented with Laemmli sample buffer [62. 
Morphological data and statistical analysis
We analysed glomerular capillaries from all rats of groups A and C by electron microscopy. A total of 587 capillaries in group A and 523 capillaries in group C were screened for podocyte morphology. The capillary profile was virtually divided into four sectors, each representing $25% of the capillary area. Thus, for each capillary, we could estimate the percentage of podocytes with normal morphology and preserved slit diaphragms covering the basement membrane. The percentages of normal podocytes in capillaries from the two groups (A and C) were then compared.
Statistics
Results are presented as mean±SEM. For all parameters except podocyte morphology, differences among groups were assessed by one-way analysis of variance (ANOVA), with post-test pair-wise comparisons between groups according to the Tukey HSD test. The 2 test was used to test differences in podocyte morphology. For all statistical tests, P 0.05 was considered significant.
Results
Perfusion pressure and glomerular filtration rate
Perfusion pressure and GFR (mean values±SEM) during cIPK for the six groups of rats are shown in Table 1 . The average GFR of the control rats (group E) was 0.076±0.008 ml/min/g body weight. PAN decreased the GFR to 30% of this value in groups C and D. However, in the group treated with low dose orosomucoid (group A), the GFR was twice as high as in groups C and D (P<0.05). The GFR of the rats of group B (high dose orosomucoid) was not statistically different from that of the control group (E). There was no significant difference between GFR of groups E (0.076±0.008 ml/min/g body weight) and F (0.101±0.008 ml/min/g body weight).
The fractional clearance for albumin, y albumin
The y albumin in the control group E was 0.0025±0.0007. In rats given saline and orosomucoid (group F), y albumin was 0.0013±0.0003. A 10-fold increase in y albumin was induced by the administration of PAN in the rats treated with albumin (group C) or saline (group D). Compared with rats in groups C and D, the group treated with 20 mg/100 g/day of orosomucoid (group A) had a significantly lower y albumin , 0.0137± 0.0012, P<0.01. Moreover, treating the nephrotic rats of group B with a high dose of orosomucoid resulted in an albumin filtration that was not different from the controls (group E and F), y albumin 0.0015±0.0003 (see Figure 1) . The difference between y albumin of groups E and F was not significant.
The fractional clearance for Ficoll 35.5 AF
icoll with the same size as albumin had a fractional clearance of 0.082±0.023 in control rats (group E), and similar values were found for all experimental groups (A-F). The nephrotic animals showed higher U/P ratios for the larger Ficolls, as previously described [5] .
The heterogeneous charged fibre model
In this model, charged fibres account for both size and charge interactions. The unrestricted exchange area over diffusion distance, A 0 /Áx, was 213 331 cm [95% confidence interval (CI) 171 626-255 036 cm] in the control group (E), while in the groups treated with PAN þ albumin (group C) and PAN þ saline (group D) it decreased to 880 cm (95% CI 810-950 cm) and 720 cm (95% CI 640-800 cm), respectively. For the nephrotic rats treated with low dose orosomucoid (group A), A 0 /Áx was 4270 cm (95% CI 3800-4700 cm), significantly different from that of groups C and D. In the group treated with high dose orosomucoid (B), A 0 /Áx was 52 332 cm (95% CI 5500-100 000 cm) (see Figure 2) .
The relative fibre volume, F, was 7.0% (95% CI 6.6-7.6%) in the control group (E) and 6.1% (95% CI 5.9-6.4%) in group F. The PAN administration decreased F to 3.5% (95% CI 3.4-3.5%) in group C and to 3.4% (95% CI 3.4-3.5%) in group D. Treatment with low dose orosomucoid (group A) resulted in some preservation of the fibre volume, as F was 4.5% (95% CI 4.4-4.6%) in this group. For group B, F was 5.3% (95% CI 4.2-6.4%), i.e. similar to that of the controls (group E) (see Figure 3) .
The fibre radius was set to 5.0 Å for all groups. The fibre surface charge density was -0.2 C/m and albumin had a surface charge density of -0.022 C/m. With these values, we obtained a good fitting of the modelled and the 228 measured data pairs (Ficoll U/P ratios vs Stokes-Einstein radius). The statistical analysis was performed using the average values for each of the four groups.
SDS-PAGE, western blotting and immunodetection
The presence of human orosomucoid in plasma samples from rats of groups A, C, D and E was assessed by SDS-PAGE followed by detection with an anti-human orosomucoid monoclonal antibody. Bands close to , PAN þ high dose orosomucoid-treated rats (group B, 60 mg/100 g body weight), PAN þ albumin-treated rats (C), PAN þ salinetreated rats (D), saline þ saline-treated rats (E) and saline þ orosomucoid-treated rats (group F, 20 mg/100 g body weight). There was a difference between the control and all the nephrotic groups (groups E and F vs groups A, C and D, P<0.001) except for that with high dose orosomucoid (group B vs group E or F, NS). Group A had lower y albumin than groups C and D, P<0.01. Fig. 2 . The unrestricted exchange area over diffusion distance (A 0 /Áx) ±SEM in PAN þ low dose orosomucoid-treated rats (group A), PAN þ high dose orosomucoid-treated rats (group B), PAN þ albumin-treated rats (C), PAN þ saline-treated rats (D), saline þ saline-treated rats (E) and saline þ orosomucoid-treated rats (F). This parameter decreased dramatically in the PAN-treated rats, P<0.01, but it was improved by orosomucoid, P<0.01. Fig. 3 . The charged fibre volume fraction, f, in PAN þ low dose orosomucoid-treated rats (group A), PAN þ high dose orosomucoid-treated rats (group B), PAN þ albumin-treated rats (C), PAN þ saline-treated rats (D), saline þ saline-treated rats (E) and saline þ orosomucoid-treated rats (F). This parameter decreased in the PAN-treated rats, groups C and D, P<0.001, but it was improved by orosomucoid, groups A and B P<0.01.
42 kDa were detected with the mouse anti-human orosomucoid antibody. Figure 4 shows a representative gel for three animals from each group. The primary antibodies cross-reacted with the intrinsic rat orosomucoid existent in the plasma samples. For this reason, we were unable to quantify exactly the human fraction of orosomucoid. Using the cross-reactivity with the rat orosomucoid, it was possible to determine that the plasma levels of rat orosomucoid in the PAN-treated groups C and D were lower than in the control group E.
Moreover, the total orosomucoid concentration was estimated to be between 0.1 and 0.3 g/l in group A.
Podocyte morphology
Normal morphology of the glomerular capillary wall was observed in the control group E (see Figure 5A ) while the other three groups showed architectural alterations of the glomerular epithelial cells. Flattening and detachment of the podocytes were present in groups A, C and D (see Figure 5C and D). However, in group A, areas with preserved slit diaphragms and normal podocyte morphology were also present (see Figure 5B) . Sections from the groups treated with orosomucoid (group A) and albumin (group C) were compared in detail. In group A, 587 glomerular capillaries from 52 glomeruli (6-7 glomeruli from each of the eight rats) were examined and 523 from 39 glomeruli in group C (6-7 glomeruli from each of the eight rats). In kidney sections from rats treated with orosomucoid (group A), we found 25-50% morphologically normal podocytes in 78 capillaries (i.e. 13.3% of the capillaries), and <25% normal podocytes in the remaining 509 capillaries. In kidneys from the albumin-treated rats (group C), 96.4% of the glomerular capillaries had <25% preserved podocytes, i.e. more severe damage than in group A (P<0.001) (see Figure 6 ).
Discussion
PAN caused extensive damage to the glomerular barrier as demonstrated by morphological and functional measurements. The purpose of this study was to test the hypothesis that the acute phase protein orosomucoid could ameliorate the nephrotic effect of PAN. Indeed, giving orosomucoid to rats with PAN nephrosis improved the GFR and the clearance of albumin in a dose-dependent manner. In fact, six out of eight rats receiving the high orosomucoid dose were completely cured of their nephrotic syndrome. In comparison, treatment with albumin did not seem to have any beneficial effect. The low dose of orosomucoid partially restored normal glomerular function and improved the morphological parameters. Muchitsch et al. [12] used the dose of 60 mg/100 g, which is the same as we used for group B, but the beneficial effects were greater in the present study. This is probably due to differences in administration; they started treatment at day 5, while daily i.p. injections were initiated at day 1 in the present study. In functional terms, PAN markedly reduced the charged fibre volume fraction of the glomerular barrier, an effect that was prevented by orosomucoid, but not by administration of saline or albumin. Western blot analysis showed that the plasma levels of orosomucoid were markedly reduced in the nephrotic rats of groups C and D. i.p. injections of orosomucoid normalized these levels. By which mechanism does orosomucoid ameliorate the effect of PAN? Orosomucoid is a classical acute phase protein showing a 3-to 4-fold increase during inflammation or tissue damage. Its anti-inflammatory and immunomodulatory roles are connected to the strong antineutrophil and anticomplement activity. It inhibits proliferation, invasion and metastasis of cancer cells and interleukin-2 secretion by lymphocytes. Orosomucoid seems to protect against reactive oxygen species by binding free radicals rather than by inhibition of neutrophil activation. Several studies suggest that the induction of PAN nephrosis is correlated with the appearance of highly reactive oxygen species [19] . Thus, orosomucoid might act as a scavenger for reactive oxygen species formation induced by PAN and thereby diminish the structural damage of podocytes. In previous work, we found that orosomucoid is required for maintaining normal capillary permselectivity in skeletal muscle and in glomerular capillaries as well.
All of the mechanisms cited above could play a role in reducing the renal damage induced by PAN. Moreover, orosomucoid may interact with the endothelial surface layer (ESL) of the capillaries, which per se may increase the charge density of the luminal surface of the vessel wall. The endothelial cells themselves are able to synthesize orosomucoid [20] and they respond to stimulation by the protein [21] .
It has been reported that removal of the sialic acidrich surface coat of the podocytes induces changes of the cell architecture: loss of foot processes and filtration slits, and formation of junctional complexes between many of the podocytes, followed by the retraction of the processes towards the cell body. This seems to occur both in differentiating glomeruli and in certain glomerular diseases. Indeed, PAN has been reported to decrease the total glomerular sialic acid content and the sialic acid content of podocalyxin [22] . The filtration slit loss that appears in PAN nephrosis coincides with a reduction of the GFR. Indeed, filtration slits are considered to be the main resistance components for hydraulic flux across the glomerular capillary wall. Previous studies have shown that altered podocyte morphology is related to a decrease in hydraulic conductance and GFR [23] . In the present study, orosomucoid partially preserved the podocyte morphology, thus assuring a somewhat better glomerular hydraulic conductance and GFR. Possible interactions between orosomucoid and the podocytes have not yet been studied, but such experiments seem to be worthwhile.
The ESL of the glomerular capillaries can be viewed as a three-dimensional fibrous network of glycoproteins reinforced by plasma proteins. However, the relative importance of the ESL for the normal glomerular permselectivity has hitherto been neglected. Apart from the podocytes and the basement membrane, ESL may be important for size and charge selectivity. Thus, for analysis of this complex barrier, the heterogeneous charged fibre model is highly appropriate since it takes both solute size and charge into account. A Ficoll over an albumin clearance ratio of 40-50 during control is obvious evidence for charge selectivity, irrespective of theoretical modelling. PAN reduced this ratio one order of magnitude, indicating a decrease in charge selectivity. Theoretical analysis, however, did confirm and extend these observations, and orosomucoid was found to improve the density of charged fibres of the capillary wall, and to some extent increase the exchange area parameter, A 0 /Áx. Note that the increased fraction of charged fibres reflects improvement in both size and charge selectivity.
This study reveals important benefits of the heterogeneous charged fibre model compared with less advanced theories where size and charge interactions are treated as separate entities. Thus, orosomucoid was found to increase the relative charged fibre density, which will affect both size and charge selectivity, compared with the treatment with albumin or saline. Please note that simply looking at a clearance ratio between a neutral and a charged solute (e.g. Ficoll 35.5 Å and albumin) may be misleading. In situations with important alterations of A 0 /Áx, the volume of charged fibres may alter the U/P vs a SE curve. Indeed, such a pronounced reduction of A 0 /Áx was found in three of the PAN-treated groups (A, C and D), resulting in low U/P ratios for low molecular weight Ficolls. Reduced size selectivity increased the U/P for large Ficolls, while these effects cancelled each other out for Ficoll 35.5 Å . Thus, based on the y for Ficoll 35.5 Å , it might incorrectly be concluded that the size barrier was not affected by PAN. Hence, the more advanced charged fibre model gives us new and useful insights into the functional details of the glomerular barrier.
We conclude that orosomucoid has the ability to restore the glomerular damage induced by PAN completely in terms of both functional and morphological parameters. The exact molecular mechanism for this action remains to be elucidated, but we propose several potential sites of action including direct effects on the podocytes and/or the endothelial cells. Clinically, there are few therapies for patients with nephrotic syndrome, and those that exist have severe side effects. Therefore, this study opens up new avenues for treatment with orosomucoid or with drugs having similar actions on glomerular cells.
